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Abstract 

COVID-19, a pandemic, attacked millions of people’s health and economies 
across the world, particularly in low-income developing countries such as 
Pakistan. The study aims to develop a novel method and approach to diagnose 
COVID-19. Clinical features C-reactive protein, ferritin, and D-dimer levels 
were accessed to check the severity of COVID-19 positive patients. 160 
patients were included in this study who had positive signs for COVID-19. 
Sandwich immune-detection and real time-PCR analyses were performed to 
access the clinical features of COVID-19. The results of clinical features and 
real time-PCR assay were compared using Artificial Intelligence (AI). Four 
classifiers; Support vector machine, Random Forest, K- nearest neighbor, and 
Neural network, were used to predict the results and the accuracy from these 
algorithms was 78.6%, 75.4%, 75.4%, and 63.9% respectively. The higher 
accuracy was from the Support vector Machine which shows 78.6% accuracy 
of clinical features results obtained from COVID-19 positive patients. In 
conclusion, this study provides an alternative diagnostic method for COVID- 
19 patients. Additionally, this study not only provided the diagnostic method 
but also evaluate severity of clinical features and also the cost-effective 
diagnosis of COVID-19 detection. The alternative way provided by this this 
study will be very helpful for the diagnosis of COVID-19 through basic test 
parameters. 
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Introduction 


The COVID-19 pandemic impacted millions of 
people globally. It affected the public health and 
economy, particularly in developing nations with low 
incomes. Three words make up COVID: “CO” stands 
for corona, “VI” for virus, and “D” for disease [1]. 
Over 221 million people worldwide died of the 
disease in 2021 as a result of COVID-19 [2]. The five 
nations most impacted by the number of coronavirus 
cases that have been confirmed are the United States, 
Brazil, India, Russia, and the United Kingdom [1]. In 
Pakistan, there were 804,939 confirmed cases of 
COVID-19 in 2021, with 17,329 deaths, reported to 
the [3]. 

Punjab is the area most severely affected by COVID- 
19 as of August 2021; around 400,000 cases have been 
noted. With over 400,000 recorded cases and over 
12,000 deaths in September 2021, Punjab is the 
COVID-19 region with the greatest severity as of 
August 2021 [4]. According to [5], severe COVID-19 
causes a state of inflammation that enhances the 
pathological failure of innate host defense 
mechanisms. This can lead to effects like multiple 
organ failure and cytokine storms. In any tissue 
damage process, C-reactive protein (CRP) is a 
compatible biomarker and acute-stage protein that 
manifests in the blood within six to ten hours [6]. 
Ferritin, a type of iron, is one of the markers of 
inflammation [7]. Protein fragments, known as D- 
dimers, are the result of the plasmin-mediated cross- 
linking breakdown of proteins [8]. 

Consequently, further investigation into scores related 
to the course of the disease aids in enhancing 
diagnostic precision and may even reveal the extent of 
the illness. Clinical diagnosis can be improved by such 
initiatives, and the need for expensive diagnostic 
techniques like CT scans and RT-PCR can be 
decreased [9]. Even though the number of COVID-19 
studies has increased recently, there is a dearth of 
information in Pakistan, especially in Gujranwala, 
Punjab, about the laboratory aspects of COVID-19 
cases [10]. The study assessed the features of CRP, 
ferritin, and D-dimer that are linked to COVID-19 
[11]. 

A subfield of science and engineering known as 
artificial intelligence (AI) deals with the 
computational modelling of intelligent thought and 
the development of documents that demonstrate that 
behavior. The dataset is classified using a variety of 
artificially intelligent classifiers according to the 
outcomes. The available classifiers include Random 
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Forest, SVM, K-nearest neighbor, and neural 
networks. A random forest is a machine-learning 
system for classification that is capable of regression 
and predictions [12]. 

The Support Vector Machine (SVM) is a boundary 
and ordering method that applies selection 
requirements and features [13]. K-nearest neighbor 
(KNN) is used as a basic prediction engine to 
complete tasks such as classification after deciding on 
the right parameters and feature subset [14]. 
Computational analysis tools called neural networks 
(NN) are inspired by the nervous system found in 
nature. They consist of neurons, which are networks 
of interconnected computer processors that can 
process and retrieve information in parallel. Their 
ability to learn from prior instances, evaluate non- 
linear data, cope with uncertain data, and generalize 
the model so that it can be utilized with new data has 
made them a particularly acceptable analytical tool 
[15]. The infectious disease COVID-19 has some 
FDA approved antiviral drugs that are, nirmatrelvir- 
ritonavir (Paxlovid), remdesivir (Veklury) or 
molnupiravir (Lagevrio). These drugs also have many 
side effects [16]. In the Gujranwala region of Pakistan, 
the study helped to evaluate the severity of the disease 
in COVID-19 positive cases. It involved comparing 
the ferritin level, D-dimer, and CRP levels of COVID- 
19 patients with RT-PCR results to diagnose COVID- 
19. The study aided in offering COVID-19 patients a 
different diagnostic strategy. This study offered a 
cost-effective diagnosis of COVID-19 in addition to 
the severity of its clinical features. 


Materials and methods 


Inclusion and exclusion criteria 


We have selected a sample size of 272 patients in the 
study based on symptoms, Le., fever, coughing, and 
sore throat. The patients had low oxygen levels or 
breathing rates of over 30 cycles per minute. Out of 
total 272 patients, 160 didn’t have any past medical 
records. The total number of people studied was 160, 
having median age of 49 years and range of 30-70 
years. There were 96 (60%) males, in which young 
males are 74 and 64 (40%) females, in which young 
females are 32 in the group. Gender and age 
disparities between the two groups found to be 
significant. 

Patients with incomplete health records or a history of 
Type 2 diabetes, failure of the liver, kidney failure, or 
an active tumor were not allowed to take part in the 
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study. 

Blood samples were collected from the Phlebotomy 
Department, Razia Shafi Critical and Medical Care 
Hospital, Kamoke, Gujranwala, Pakistan. The 
Institutional Ethical Review Board, of University of 
Sialkot approved the study at the University of 
Sialkot. For CRP analysis, blood samples were 
collected in serum tubes with or without clot 
activators [17]. For D-dimer analysis, blood samples 
were mixed with sodium citrate in silicon tubes. For 
ferritin analysis, venous blood samples were drawn 
into serum tubes with gel or a clot activator [18]. 


C-Reactive protein test 


The serum was collected by centrifugation of blood 
samples at 2500 rpm for 10 min. 1.8 mL of the 
collected serum was stored immediately at -20 °C ina 
2 mL cryovial, leaving 0.2 mL for expansion [19]. The 
ichroma™III CRP test kit method (Sant’Antonio 
Abate (NA), Italy) was used to detect CRP levels in 
blood samples to detecting luminescent antibodies. 
The antibodies bind to CRP antigens, forming 
complexes trapped on the test matrix. The 
fluorescence intensity was converted into a CRP 
concentration using calibration (Fig. 1). Test results 
were given in ng/mL, with a typical range of 2.5-10 
ng/mL. Levels above 10 ng/mL indicate illness [20]. 


D-Dimer test 


The plasma of the blood samples was collected from 
the whole blood. The samples were processed for 
plasma extraction within 3 hrs of sampling as the 
storage of the samples may affect the D-Dimer test 
outcomes [21]. 10 uL of sample was transferred 
(human whole blood, plasma) to a tube containing the 
detection buffer and the mixture was shaken 10 times 
to mix completely. 75 uL of the sample mixture was 
added into the cartridge’s sample well and the sample- 
loaded cartridge was placed at room temperature 
(RT). A sandwich immune-detection method used a 
buffered detection system for antibodies to bind to 
antigens and produce complexes of antibodies that 
migrate into the nitrocellulose matrix. The other 
immobile antibodies on the test strip were able to 
retrieve the antigen as well as antibody complexes 
from this matrix (Fig. 2). The instrument for the 
ichroma™ III test was used to measure D-dimer levels 
in the sample based on the number of antigen and 
antibody complexes that form and the quantity of 
antigen present in the sample which results in more 
signal luminescence on the antibody detector [22]. D- 
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dimer levels usually vary from 50 to 500 ng/mL. D- 
dimer levels in diseased patients ranges from 500 
ng/mL to 10,000 ng/mL. 


Ferritin test procedure 


The analysis of protein serum Ferritin levels in the 
blood was performed following the given protocol 
[23]. 5mL of blood was required for each chemical 
and hormonal study. The samples were left at the 
ambient temperature for 60 min. The samples were 
then centrifuged for 15 min at 2500 rpm to obtain the 
serum, which was subsequently stored at -20° C [24]. 
The ichroma™II] system was used to detect 
luminescent antibodies in the sample. The test strip 
extracted the fluorescence-labeled antigen-antibody 
complex. The ferritin concentration can be determined 
based on the signal strength. A control protein was 
used for as a control. Ferritin levels typically range 
from 50 to 250 ng/mL, but in infected patients, it can 
be higher than 250 ng/mL, even exceeding 1000 
ng/mL [23]. 


Comparison of the severity of clinical features with 
COVID-19 RT-PCR 


The key test for COVID-19 detection was RT-PCR for 
viral mRNA from nasopharyngeal swab. It was used 
by government centers according to with WHO 
guidelines for COVID-19 analysis. The laboratory 
records containing ferritin, D-dimer, and CRP were 
obtained for study participants. 


Statistical analysis 


The set of data derived from test results was analyzed 
based on different artificial intelligence (AI) methods 
including random forest, SVM, K-nearest neighbor, 
and artificial neural network computations. 


Results and Discussion 


Subject Dataset 


The total number of 272 participants, out of which 112 
were excluded. The reason to exclude the subject had 
missing data records. The demographic characteristics 
of the study participants are presented in Table 1. 
Overall, 160 participants were involved in the study, 
with a range of ages between 30 and 70 years and a 
median age of 49. There were 64 (40%) females and 
96 (60%) males. 52 (32.5%) of the COVID-19 
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Take a whole blood or 
serum sample, using 
the sample collector. 


Connect the sample 
collector to the 
detection buffer tube 
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Insert the test 
cartridge in the reader 
and press start. 


Wait three minutes 
before proceeding. 


Fill the test cartridge 
with 2 drops of 


Check results. 


mixture. 


in the sample collector. 


Shake the tube 10 
times or more up and 
down. 


Remove 2 drops from 
the mixture and 
discard them. 


Fig. 1: Flow chart for the whole procedure of analysis for the levels of C- Reactive protein in serum or plasma sample. 


negative outcomes of RT (Group 1) and 108 (67.5%) 
of the COVID-19 positive results (Group 2) were 
included. Age and gender differences were 
Statistically significant in two groups. Table 1 
displays the results of biochemical parameters 
obtained from blood samples. The results of 
biochemical parameters from blood samples indicated 
that out of 160 patients with SARS-CoV? disease, the 
percentage of COVID-19 disease was higher in men 
(60%) than in women (40%) (Table 2). 


Clinical Parameters 


A total of 64 Males and 44 females were positive 
COVID-19 RT-PCR reports. the routine laboratory 
data examined for special chemistry of the COVID-19 
patients admitted to the hospital between March 1, 
2021, and August 1, 2021. Among these patients 56% 
of patients had high ferritin levels, 79% had elevated 
CRP levels, and 80% had elevated D-dimer levels 
(Table 3). 

Young males and females as typical examples to 
demonstrate the laboratory markers trend analysis in 
case of COVID-19 were analyzed. This analysis 
aimed to clarify the role of basic laboratory 
parameters in disease detection (severe infection). 
This choice is meant to show how COVID-19 
infection manifests in adult males and females with 
diverse age-related multisystem inflammatory 


syndromes. To build a smooth trending graph and 
observe the fluctuations in the parameters throughout 
COVID-19 diagnoses, the daily laboratory results of 
the patients were employed in this assessment. 


CRP, Ferritin and D-dimer in females 


In the trending graphical representation of CRP in 
females the value varies from 2.5 mg/L to 300 mg/L. 
The ranging values of elevated CRP are shown in blue 
lines, which indicates the rising level of CRP in 
patients (Fig. 3A). The serum Ferritin in females vary 
from 50 ng/mL to 1000 ng/mL (Fig. 3B). The trending 
graph of D-dimer in females the value varies from 50 
ng/mL to 10,000ng/mL. The positive value is ranging 
from 500ng/mL to 10,000ng/mL that show above the 
orange line. The ranging values of elevated D-dimer 
are show in blue lines, which showed the increasing 
level of D-dimer in patients (Fig. 3C). 


CRP Ferritin and D-dimer in males 


The values of elevated CRP are shown in blue lines, 
which indicate the rising level of CRP in male patients 
(Fig. 4A). Resulted indicated that in contrast to 
females, samples from male patients showed the 
highest value of CRP. The possible reason of raising 
values in males might be the higher exposure of males 
to other peoples in Pakistan rather than females. The 
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Table 1: Results of C-reactive protein, D-dimer, and Ferritin performed in Razia Shafi pathology lab and their RTPCR COVID- 
19 reports from public labs. Only 30 patient reports are shown here. 


Sample Gender CRP D-dimer Ferritin RT PCR Covid Binary form 
Normal value 2.5-10 mg/L 50-500 ng/mL 50-250 ng/mL Negative 
effected values 10-300 mg/L __500-10000 ng/mL 250-1000 ng/mL Positive 
Pl Male 98.13 1170.8 350 positive 1 
P2 Male 231.6 837.1 267 positive 1 
P3 Male 15.2 579.7 253 positive 1 
P4 Male 100.7 862 242 positive l 
P5 Male 2.9 275 198.19 negative 0 
P6 Male 19.2 542 44.8 negative 0 
P7 Male 18.2 132.1 458.4 negative 0 
P8 Male 159.8 122.15 433.5 positive 1 
P9 Female 10.2 118.02 205.8 positive 1 
P10 Male 102.52 2205.86 678.5 positive 1 
P11 Male 172.49 225.06 572.4 positive 1 
P12 Male 77.9 272.14 222.8 positive 1 
P13 Female 9.85 4203.7 243.3 positive 1 
P14 Male 16.1 9301.52 438.6 positive il 
P15 Male 73.56 575:1 287.5 positive 1 
P16 Female 267.5 189.5 220.3 negative 0 
P17 Male 40.6 846.5 687.8 positive 1 
P18 Male 258.7 172.1 122.7 negative 0 
P19 Female 123.28 5536.23 619.2 positive 1 
P20 Female 34.54 240.3 204.76 negative 0 
P21 Female 50.7 1676.6 436 positive 1 
P22 Male 26.9 221.9 143 negative 0 
P23 Male TIE 346.5 215.8 negative 0 
P24 Male 34.1 266.6 350.6 positive 1 
P25 Female 64.9 419 237.2 negative 0 
P26 Female 19.69 443.3 215.6 negative 0 
P27 Male 51.53 1759.21 751.9 positive 1 
P28 Female 300.0 420.06 235.1 positive 1 
P29 Male 2.50 283.3 267.6 negative 0 
P30 Male 12.19 340.3 323.11 negative 0 


infection was severe in males as compared to the 
female patients. The values of serum Ferritin in male 
patients were between 50 ng/mL to 1000ng/mL. 
Higher values of Ferritin were investigated in male 
patients than females indicating the high risk of severe 
infection in males (Fig. 4B). In contrast, the values of 
D-dimer in males are almost similar when compared 
to female patients (Fig. 4C). 


Algorithm accuracy identification 


The results obtained by biochemical features were 
analyzed using Artificial Intelligence Algorithms. The 
study was conducted to determine the ideal train and 
test ratio, results showed the accuracy of clinical 
parameters raising value with COVID-19. Four 
different algorithms of Artificial intelligence were 
used. By comparing the accuracy results of all 
algorithms, it was determined which result accuracy 


showed the percentile accuracy of our clinical features 
raising levels with COVID-19. As shown in Table 4, 
we evaluated the dataset percentages, and trial yielded 
a distinct set of accuracy with the four algorithms 
Random Forest, SVM, K-nearest neighbor, and 
artificial neural network. By dividing the data into 
62.5% training and 37.5% testing, we received the 
following results. 


Table 2: Characteristics of study subjects 


No. of analyzed participants 160 
Median age (range) 49 (30-70) 
Gender 

No. of males (%) 96 (60%) 
No. of females (“%) 64 (40%) 


No. of COVID-19 -ve patients (%) 
No. of COVID-19 +ve patients (%) 


52 (32.5%) 
108(67.5%) 
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Fig. 2: (a) Loading of 10 uL sample into the collector (b) mixing in detection buffer (c) addition of two drops on cartridge (d) 


analysis by getting the reading. 


The first method Random Forest was tested, which 
had a 75.4% accuracy by splitting the data into 72.5% 
for training and 37.5% for testing. The second method 
used was SVM, which had an accuracy of 78.6% by 
separating the data into the same percentile for 
training and testing. The third method used was K- 
Nearest Neighbor, which had a 75.4% accuracy by 
separating the data into the same percentile for 
training and testing. The fourth approach was Neural 
Network, which had a 63.9% accuracy by separating 
the data into the same percentile for training and 
testing. 

The data was divided into different groups of classes, 
and then each class was divided into the percentages 
as used for all class of the data. In the last, SVM 
proved to be the most accurate algorithm for 
categorizing the data-set, outperforming the other 
classifiers. After the results of Artificial intelligence 
methods, SVM identified with 78.6% accuracy that 
COVID-19 positive participants had pointedly higher 
levels of CRP, ferritin, and D-dimer when compared 
to COVID-19 negative subjects. The results showed 
the accuracy of clinical parameters raising value with 
COVID-19. 

According to another studies, which used K- Nearest 
Neighbor SVM AND Artificial Neural Networks on 
different blood parameters WBC, CRP, IL-6, 
procalcitonin, ferritin, LDH, AST, ALT, D-dimer, 
troponin, lymphocyte and platelet levels are 
associated with the severity of COVID-19. By using 
these three classified algorithms they showed an 
accuracy of 97.86% in his research which is greater 
than our results [25]. Another research of Antonio 
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Fig. 3: Trend analysis of (A) CRP, (B) Ferritin, (C) D-dimer in 
females. 
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Ramon used k-nearest neighbors (KNN) and support 
vector machine (SVM) method on C-reactive protein, 
procalcitonin, glutamyl oxaloacetic transaminase, 
glutamyl pyruvic transaminase, neutrophils, D-dimer, 
creatinine, lactic acid and ferritin blood parameters 
and demonstrated results of best accuracy (92 %) in 
this research which is also higher than our results [26]. 
Other manifestation studies reported Random Forest, 
K- Nearest Neighbor, and Support Vector machine 
algorithms on different blood parameters i.e., 
procalcitonin, C-creative protein, lactate 
dehydrogenase, D-dimer, and lymphocytes. Using 
these algorithms Random Forest, SVM, and Neural 
Networks showed 89%, 87.8%, and 84.4% accuracy, 
respectively. Random forest shows higher accuracy 
89% which is greater than our results [27]. 
According to the severity of the disease presentation, 
the continuing COVID-19 pandemic is defined by 
respiratory illness and other systemic clinical features, 
which are in turn indicated by common laboratory 
abnormalities. The most significant laboratory 
alterations include a variety of elevated inflammatory 
biomarkers, coagulation markers, tissue-specific 
tissue injury indicators (liver, kidney, cardiac), and 
abnormalities in the total blood parameters. 
Depending on the disease's severity, the host's 
inflammatory reaction to the virus may result in a 
cytokine storm that can harm multiple organs. Patients 
with the critical stage of COVID-19 also had severe 
abnormalities in coagulation measurements, liver and 
renal function, cardiac and muscular damage 
biomarkers, and inflammatory biomarkers. D-dimer, 
ferritin, and CRP are markers for the severe stages of 
the disease. Biochemistry and immunoassay measures 
like CRP, D-dimer, and serum Ferritin should be 
closely monitored in hospitalized patients as signals 
for potential advancement to the critical stage of 
disease and death [28]. 

C-reactive protein is another acute phase reactant 
produced in response to infection or inflammation 
(CRP). It is the liver that produces CRP. Since acute 
inflammation is accompanied by a sharp rise in serum 
concentration, CRP is now considered to be a more 
significant indicator of viremia and sepsis. 
Additionally, CRP participates in the 
proinflammatory cycle by activating inflammatory 
cytokines. Ferritin levels that are high contribute to 
pro-inflammation. A significant acute phase reactant 
is ferritin, which the body produces when it is 
inflamed. Infections, as well as hematologic, 
neoplastic, and rheumatologic disorders, are among 
these inflammatory conditions [29]. As a defense 
mechanism, ferritin seeks to decrease the iron supply, 
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Ferritin 


D-DIMER 


PATIENTS 


Fig. 4: Trend analysis of (A) CRP, (B) Ferritin, (C) D-dimer 
in males. 


as a result, higher levels of ferritin are seen in cases of 
high pathogenic loads. Ferritin tends to control the 
synthesis and release of cytokines, which are 
responsible for cytokine proinflammatory storms, in 
addition to reducing the availability of iron. D-dimer, 
which is the main enzymatic byproduct of cross- 
linked fibrin by plasmin, is another marker that 
exhibits an increase in COVID-19 patients. Studies 
have revealed that rising D-dimer levels are associated 
with an increased chance of the patient developing 
septic shock and sepsis. Consequently, routine blood 
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Table 3: Percentage of patients showing abnormal parameters considered in the study population. 


Clinical Parameters %age of Abnormal results Elevated Normal values 
CRP 79% T 2.5-10 mg/L 

D-dimer 80% Tt 50-500 ng/mL 

Ferritin 56% T 50-250 ng/mL 


Table 4: Training and testing data set and accuracy of all algorithms 


Training (%): Testing (%) Random Forest 


SVM Žž K-Nearest Neighbor 


Neural Network 


62.5% : 37.5% 75.4% 


78.6% 


75.4% 63.9% 


biomarker tests in the laboratory department are a 
possible COVID-19 diagnostic tool [30]. 

The study's trend analysis of the numerous biomarkers 
in COVID-19 patients will aid in understanding the 
COVID-19 treatment plan as it attempts to contain the 
cytokine storm in ARDS. Despite numerous current 
investigations, the pathogenicity of the Novel 
Coronavirus is still not fully understood, so routine 
laboratory testing may be helpful in symptom-based 
treatment plans until the situation is resolved. The 
results obtained by biochemical features are analyzed 
using some Artificial Intelligence algorithms. These 
algorithms are Random Forest, SVM, K-nearest 
neighbor and Artificial neural network [31]. 

The first method Random Forest was tested, which 
had a 75.4% accuracy by splitting the data into 72.5% 
for training and 37.5% for testing. The second method 
used was SVM, which had an accuracy of 78.6% by 
separating the data into the same percentile for 
training and testing. The third method used was K- 
Nearest Neighbor, which had a 75.4% accuracy by 
separating the data into the same percentile for 
training and testing. The fourth approach was Neural 
Network, which had a 63.9% accuracy by separating 
the data into the same percentile for training and 
testing. 

After the results of Artificial intelligence methods, 
SVM identified 78.6% accuracy that COVID-19 
positive participants had pointedly higher levels of 
CRP, ferritin, and D-dimer when compared to 
COVID-19 negative subjects. The information used in 
the study demonstrated the value of common 
laboratory biomarkers in coronavirus disease 2019 
(COVID-19) and will contribute to a better 
understanding of the condition. 


Conclusion 


In conclusion, our findings are useful to analyze the 
COVID-19 disease with routine biochemical tests 
performed in labs. There is a significant relationship 
between specific abnormal blood parameters and 
illness severity status in COVID-19 patients who are 


hospitalized or not. Use these biochemical features 
for future disease diagnosis, to improve accuracy and 
build more reliable diagnosis. In addition, it intends to 
classify the results using deep learning techniques, 
which helps to diagnose the condition more 
professionally and, in less time, to produce better 
results than other methods. It is possible to down the 
fear of patients and improve diagnosis to utilize these 
biochemical features rather than RT PCR. In future, 
this study can be helpful for the diagnosis of COVID- 
19 through basic cost-effective parameters in low- 
income countries. 
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